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In respect to compensate the unremittingly increasing global demand for food, feed, biofuels, 
and chemicals production, microalgae has been widely regarded as one of the most promising 
raw materials. However, the small particulate size of microalgae cells and the extremely 
dilute concentrations of microalgae cultures continue to be the major challenges to effective 
microalgae harvesting, thus hindering the production and commercialization of microalgae 
based products. In an attempt to find a cost-effective and environmentally friendly harvesting 
technique, the bioflocculant poly γ-glutamic acid (γ-PGA) produced by Bacillus licheniformis 
CGMCC 2876 was used to concentrate freshwater microalgae. Zeta potential measurement, 
and classical DLVO theory (named after Derjaguin, Landau, Verwey and Overbeek) analysis 
were used to explore the flocculability of microalgae induced by bacterial γ-PGA broth 
bioflocculant. The process was evaluated for its scalability and in-situ treatment feasibility. 
Furthermore, biochemical composition of microalgal biomass was analyzed to evaluate the 
applicability of bioflocculation for microalgae based biofuel production. Experimental results 
showed that the flocculation efficiency was dependent on the initial culture pH. With the 
optimum operating parameters of bioflocculant dosage of 2.5 mL/L, flash mixing rate of 150 
rpm for 1 min, and slow mixing rate of 80 rpm for 2 min, a flocculation efficiency of 99% 
was achieved at initial culture pH 3 at small scale. The microalgae interaction energy was 
found to be dependent on the zeta potential.  The classical DLVO theory indicated that when 
the bioflocculant was introduced, the total interaction energy decreased sharply, resulting in 
higher flocculation efficiency. The model provided a detailed interpretation of conceivable 
mechanism of microalgae bioflocculation by γ-PGA broth. The pilot-scale study revealed that 
this innovative harvesting method is scalable and feasible for in-situ flocculation. The 
flocculation efficiency >98% was achieved at both pilot-scale and in-situ treatment. 
Moreover, biochemical composition analysis revealed that there was no significant difference 
in total lipids recovered from biomass harvested either by centrifugation or bioflocculation, 
suggesting that this bioflocculation technology is a worthy microalgae harvesting method for 
algal based biofuel production. The bioflocculation process is easy to operate, cost-efficient, 
















industrially. The γ-PGA bioflocculant produced by B. licheniformis CGMCC 2876 
demonstrated high performance for optimal microalgae recovery and can be applied in 
commercial-scale microalgae harvesting. In addition, bioflocculation process cost could 
greatly be reduced by in-situ operation as no investment cost is needed for a separate 
flocculation tank and mixing device. Furthermore, for effective application of dewatering 
technology for the production of low value products such as biofuels, a two-stage microalgae 
dewatering system was developed. The performance and economic assessment of different 
two-stage dewatering systems revealed that bioflocculation coupled with tangential flow 
filtration (TFF) was a promising dewatering system with total energy input of 0.041 kWh, 
0.05 kg CO2 emissions and a cost of $ 0.0043 for producing 1 kg of microalgae biomass. 
 























生物絮凝剂絮凝收集藻体的方法。方法使用地衣芽孢杆菌 CGMCC 2876 生产的聚谷氨酸




pH=3.0，絮凝剂添加量为 2.5 mL/L，在 150 rpm 下搅拌 1 min，随后 80 rpm 搅拌 2 min 的










的两段式微藻脱水系统，与其他两段式脱水系统相比，此方法每生产 1 kg 微藻生物质，
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